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Abstract
South Africa as a nation is heavily reliant on non-renewable electricity generation, with 90% of the electricity being 
generated from coal [1]. Though diversification of electricity generation technologies are currently under way in 
South Africa, coal is expected to play a dominant role in the near future when taking into account the abundance of 
the commodity locally. The use of fresh water resources for industrial applications, particularly electricity production 
places an increased burden on the country’s fresh water resources. This is in combination with the semi-arid climate 
makes water catchment and management a crucial multi-disciplinary task. The aim of the paper is to provide a 20 
year forecast of water usage trends in the coal based electricity generation sector. Since water forecasts are few and 
limited nationally and internationally, the results of this study provide a novel contribution in supporting water 
management and water policy decisions in developing countries.
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1. Introduction
Scarcity of water is a broad issue that is a concern for national governments and policy making bodies 
the world over. More than 1 billion people currently lack access to safe drinking water, and 2.4 billion 
people lack access to improved sanitation [2]. It is estimated that by 2025, more than 60% of the world’s 
population will live in countries with significant imbalances between water requirements and supplies, 
largely in Asia, Africa, and Latin America [3].
South Africa is located in a semi-arid region and considered to be one of the 30 driest countries in the 
world. South Africa could face a situation of extensive water scarcity unless current reserves and usage 
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patterns are managed properly [4]. These assessments are given further weight when considering the fact 
that South Africa’s mean annual precipitation is 497 mm/yr, which is well below the global average of 
860 mm/annum (Turton, 2008). Putting things further into  perspective, Botswana and Namibia have an 
annual rainfall of 400 mm/yr and 254 mm/yr respectively, but have populations of only 2 and 2.28 
million, while South Africa has a population of 50 million people [5]. To compound to this, South 
Africa’s relatively low rainfall rate and large population size place a skewed level of stress on the limited 
water resources, causing sporadic social discontent with concerns related to service delivery. From a sub-
Saharan and South African perspective, the projections portray a negative picture, with rainfall expected 
to decrease by 50% [6]. Water usage is electricity generation is primarily dependent on type of technology 
used. A few international studies mention that the range of water used per kWh varies from
0.08litres/kWh to 0.2litres/kWh for recirculating cooling technology type in coal power plants [7], [8],
[9]. There have been a few studies attempting to analyse water usage patterns in different sectors in South 
Africa [10], [11]. However, the forecasting of water usage in power generation is an aspect that requires 
further attention and is analysed further in this report. At this juncture the introduction of the South 
African coal based electricity generation is warranted before delving into water forecasting.
The South African coal power plant fleet consists of 10 baseload power plants and 3 return to service 
(RTS) power plants. The RTS plants are used to deliver power during peak demand periods. Two new 
state of the art power plants are being built which is expected to commissioned in 2015 and 2016 
respectively. All power plants have been built and operated by the sole national electricity utility, Eskom.
Table 1 Cooling technologies in Eskom coal power stations (current and future)
Category Cooling technique Year of completion Capacity (MW)
Base load Arnot Wet recirculating 1975 2100
Duvha Wet recirculating 1984 3600
Hendrina Wet recirculating 1970 2000
Kendal Indirect dry 1993 4100
Kriel Wet recirculating 1979 3000
Lethabo Wet recirculating 1991 3600
Majuba Wet recirculating and dry 2000 4100
Matimba Direct dry 1991 3800
Matla Wet recirculating 1983 3800
Tutuka Wet recirculating 1990 3600
Return-to-service Camden Wet recirculating 1967 1600
Grootvlei Wet recirculating and dry 1973 1200
Komati Wet recirculating 1966 1000
New build Medupi Direct dry On-going 4800
Kusile Direct dry On-going 4800
2. Methodology
The pathway used to estimate (or forecast) the water usage consumption is based on the development of a 
model which forms a combination of steps uniquely developed for this study, which also relies partially 
on the technique used by the National Energy Technology Laboratory [12]. Since long term generation 
capacity forecasts or water usage factors are not available for South African coal-fired power plants, a 
mathematical forecasting model had to be developed to estimate generation capacity. The forecasting 
model relies on historical water consumption and electricity generation data from the year 1989 to 2012, 
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obtained from Eskom’s data archives.  The forecasting technique is based on a moving average forecast in 
order to accommodate average yearly values of water usage and generation capacity estimates [13].
The primary steps involved in the devised methodology are as follows;
1) Estimate future long-term generation capacity of coal fired power plants
2) Estimate future water consumption factors based on future generation capacity and average system 
thermal efficiency
3) Estimate total water usage from steps 1 and 2
4) Scenario building based on technology and time-period
Step 1) The estimation of long-term generation capacity is based on historical generation patterns 
obtained from the electricity utility Eskom’s, data archives. Since generation capacity can be highly 
irregular from year to year, a mathematical model had to be developed which took into account historical 
data patterns. A variant of the basic extrapolation formula had to be developed to take into historical data 
averages.
The basic linear extrapolation formula can be indicated as;
(ܩܥ)௡ାଵ =  (ܩܥ)௡ିଵ + [[(௡ାଵ)ି(௡ିଵ)][௡ ି(௡ିଵ)] ] כ [(ܩܥ)௡ െ (ܩܥ)௡ିଵ)] (1)
where,
GC = generation capacity in kilowatt hour (kWh)
n = year of analysis
However, the basic extrapolation formula cannot be used to estimate a long-term generation forecast 
because the basic formula does not take into account long term generation trends. A ten year moving 
average is derived as shown in equation 2 to take into account historical generation patterns. This logic 
can be validated because most of Eskom’s coal fired base load power stations have been running on 
consistently high capacities due to high demands.
(ܩܥ)௡ାଵ = (ܩܥ)௡ଵ଴௔௩௚௜ୀ௡ିଵ ௧௢ ௡ିଵ଴+ ቈ ൣ(௡ାଵ)ି௡భబೌೡ೒
೔స೙ ೟೚ ೙షవ൧
ቂ (௡)ି ௡భబೌೡ೒೔స೙షభ ೟೚ ೙షభబ)ቃ
቉ כ ൣ(ܩܥ)௡ଵ଴௔௩௚௜ୀ௡ ௧௢ ௡ିଽ െ (ܩܥ)௡ଵ଴௔௩௚௜ୀ௡ିଵ ௧௢ ௡ିଵ଴൧     (2)
where,
(ܩܥ)௡ାଵ= generation capacity in kilowatt hour in year (n+1) (kWh)
(ܩܥ)௡ଵ଴௔௩௚௜ୀ௡ ௧௢ ௡ିଽ= average generation capacity over a 10 year period (n to n – 9)
(ܩܥ)௡ଵ଴௔௩௚௜ୀ௡ିଵ ௧௢ ௡ିଵ଴= average generation capacity over a 10 year period (n – 1 to n – 10)
݊ଵ଴௔௩௚௜ୀ௡ିଵ ௧௢ ௡ିଵ଴= 10 year time sum average from year (n – 1) to (n – 10)
The generation capacity for year (n+1) is determined by multiplying the 10 year time average with the 
difference in the average generation capacity over a 10 year period.  This term is then summed with 
average generation capacity from over a 10 year period two years prior to (n+1). For example, the 
generation capacity for year 2017 is determined by, first multiplying the difference of the average 
generation capacity between the periods 2016 to 2007 and 2015 to 2006 with the time sum average 
coefficient. This term is then summed with the average generation capacity from the period 2015 to 2006.
Step 2) The next step involves estimating the long term consumption factor of the power plants by also 
including the influence of change in generation capacity and system thermal efficiency.  The formula 
derived to estimate the consumption factor can be generalised as an exponential weighted moving average 
(EWMA) formula which can be expressed as,
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(ܩܥ)ଶ଴ଵ଻ = (ܩܥ)௡ଵ଴௔௩௚௜ୀଶ଴ଵହ ௧௢ ଶ଴଴଺+ ൤ቂ(మబభళ)ష೙భబೌೡ೒
೔సమబభల ೟೚ మబబళቃ൨
൤ (మబభల)ష ೙భబೌೡ೒
೔సమబభఱ ೟೚ మబబల)൨
כ ൣ(ܩܥ)௡ଵ଴௔௩௚௜ୀଶ଴ଵ଺ ௧௢ ଶ଴଴଻ െ (ܩܥ)௡ଵ଴௔௩௚௜ୀଶ଴ଵହ ௧௢ ଶ଴଴଺൧ (3)
where,
(ܥܨ)௡ାଵ = Consumption factor in litres per kilowatt hour in year (n+1) (l/kWh)
(ܥܨ)௡ = Consumption factor in litres per kilowatt hour in year (n) (l/kWh)
Į SHUFHQWDJHFKDQJHLQV\VWHPWKHUPDOHIILFLHQF\
Step 3) Based on the calculations made in steps 1 and 2, the water consumption for each power plant can 
be determined by multiplying the results of equation (2) and (3). Therefore water consumption can be 
denoted as,
(ܥܨ)௡ାଵ =  (ܥܨ)௡ ቂ ଵ(ଵା%ఈ)ቃ+ (ܥܨ)௡ ൤
(ீ஼)೙శభି(ீ஼)೙భబೌೡ೒೔స ೙ ೟೚ ೙షవ
(ீ஼)೙భబೌೡ೒೔స೙ ೟೚ ೙షవ
൨ (4)
Step 4) Multiple scenarios are developed based on technology type and time of introduction of new 
technologies. Examples of multiple scenarios include consideration of Return to Service (RTS) power 
plants. The RTS power plants included are Camden, Grootvlei and Komati. These power plants are 
considered to have system thermal efficiencies lesser than the existing base load power plants. The 
reduced system thermal efficiency for RTS fleet is taken into consideration when calculating the water 
consumption factors. 
The RTS fleet is modelled based on the assumption that it will be retired by the year 2020 when the new 
build power stations of Medupi and Kusile will be fully operational (also taking into account possible 
delays). However, the first units of Medupi and Kusile are modelled to be operational in the year 2015 
and 2016 respectively. The water consumption factor profile of Medupi and Kusile is estimated by 
following the water consumption factor profile of Matimba power station which also uses dry cooling 
technology. However an improved system thermal efficiency factor is considered for the new build power 
plants because of the supercritical technology that will be used which will add to improved efficiencies.
The scenarios are developed for three separate categories based on generation profile, namely
x base load
x return to Service (RTS)
x new build
Another form of classification is based on the type of cooling technology used within the current base 
load and RTS fleet as well as the new build power plants, which can be differentiated as,
x wet cooling
x dry cooling
3. Results
Based on equations 1 to 4, water consumption and water consumption factor profiles were calculated and 
aggregated. The results of the forecasts are depicted in Figure 1. As shown in Fig 1a total water 
requirements are expected to increase from roughly 360 Gigalitres on current levels to just above 370 
Gigalitres in 2021. Depending on the retirement of the RTS fleet, water requirements could be reduced to 
320 Gigalitres. Such a measure would bring a reduction of approximately 40 gigalitres of water per 
annum, which is roughly the amount of water used by one of the larger power stations such as Kriel, 
Tutuka, Matla or Lethabo. It is essential to note that the y axis in Fig 1a is adjusted to scale to emphasise 
the contribution of the RTS fleet. It can therefore be observed that retiring the RTS fleet provides a water 
saving benefit of roughly 13% although the electrical output contribution of the RTS fleet is roughly 
between 2 to 3% (as shown in Fig 1b).
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Another important finding is the difference between the weighted average consumption factor and the 
normal average consumption factor of the entire coal fleet. The weighted average water consumption 
factor which is measure of the average water consumption based on the percentage of electricity produced 
by each technology type compared to the average water consumption, is depicted in Fig 1c. It can be 
observed that while the weighted average closely shadows the normal average the variations are more 
subtle. The variations are negated once the RTS fleet is retired by the year 2020 and the new-build power 
plants are fully operational. The weighted average can be better understood by analysing the percentage 
share of the various fleet technologies (Fig 1b).
It can be observed in Fig 1d that water consumption factor for the RTS fleet is expected to reach 3 l/kWh 
by the year 2020. It is vital to note that the RTS fleet has to be decommissioned on a unit by unit basis as 
soon as the Medupi and Kusile (new build power plants) can support the national grid.
Fig. 1. National coal fleet water usage indicator forecast (20 year forecast)
4. Conclusion
In summary some key oservations have been deduced. The RTS power plant water consumption factor 
and total water consumption profile are higher compared to the base load fleet primarily because of lower 
performance parameters, such as reduced efficiency. Water consumption factor for the RTS fleet is 
expected to reach 3 l/kWh by the year 2020. Water requirements are expected to increase from roughly 
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360 gigalitres on current levels to just above 370 gigalitres in 2021. Depending on the retirement of the 
RTS fleet, total water requirements could be reduced (by 12% to 15%) to 320 gigalitres. Such a measure 
would bring a reduction of approximately 40 gigalitres of water per annum, which is roughly the amount 
of water used by one of the larger wet cooled power stations such as Kriel, Tutuka, Matla or Lethabo. The 
new build power plants which will be using dry cooling technologies are expected to perform more 
efficiently than the existing dry cooled power plants because of the use of super critical boilers.
The findings show that the forecasted water consumption factors in South African power plants are in line 
with international forecasts in the case of dry cooling power plants. However wet cooled power plants are 
much less efficient and technological adaptations such as higher recycling and better cooling mechanisms 
must be employed to improve water efficiency.
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